Integrating the practical use of a database product into the theoretical curriculum of a database management course is a challenge, The approach described minimizes the amount of class time that is allocated to teaching students the use of a database product, while providing guidance to the students in the use of the tool.
Introduction
The study of database management systems has always been an important aspect of computer science education in support of practical business, scientific, and engineering data access needs.
With the current explosion in information access associated with the World Wide Web, the management of data has elevated to an even more critical level in computer science education. Furthermore, relational database products have finally reached a mature, stable state, with an abundance of commercial products available to support a sophisticated, hands-on approach to database education.
Although hands-on access to commercial database products is a desired component of any course covering relational database concepts, the availability of commercial products also creates a dilemma for database education. IdealIy, an Permission to make digital/hard copy of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage, the copyright notice, the title of the cop Y g Ing Is ublication and its date appear, and notica is given that y permlsslon of ACM, Inc. To copy otherwise, to republish, to pas on servers, or to redistribute to lists, requires prior specific pemxston and/or a fee. introductory course on relational database systems should focus on teaching concepts associated with database design, access, and transaction processing issues, with the coverage of such concepts supported by the actual design and implementation of a database application. The difficulty of supporting a practical database implementation effort, however, is to integrate the use of a database product into the curriculum without reducing the content of the course to a commercial database training course. The focus of database education must remain on teaching concepts that students can apply to the use of any database product. At the same time, students cannot simply be told that they must use a particular database product without providing some guidance to the use of such a system. [l] . Microsoft Access is an excellent tool to use in an introductory course on relational databases since it is relatively easy (compared to other larger-scale database products) to get a database design up and running within the short time frame of one semester, with a complete graphical user interface and support for report generation. The low-cost availability of Microsoft Access is also appealing to students that work at home from a personal computer. Even with all of these advantages, students still need significant guidance in the use of such a tool. Our challenge was to investigate the use of Microsoft Access as part of the group project without compromising the quality of traditional database instruction.
This paper describes our integration of the use of a commercial database management system into the database curriculum. In particular, we have developed an approach that minimizes the amount of class time that is allocated to teach students how to use a database product, while at the same time providing guidance for students in the use of such a tool. As with the entire group project experience, introduction to the use of the database management system is performed using cooperative learning concepts, where students help other students learn the intricacies of the system. To assist in the cooperative learning process, we have developed a complete database implementation example. The example represents the scope of the project to be implemented as part of the course. Using this example, students advance from a tutorial exercise, to a step-by-step extension of the example, and finally to more difficult extensions. Our approach only requires two class periods devoted to the discussion of Microsoft Access, with most of the discovery of how to use the system performed as out-of-class group activities. The content and timing of the exercises, however, is critical to the success of the project. The approach that we describe is general enough to be tailored to any introductory database course and any commercial database product. Furthermore, all of the material that we have developed is available for public use (http://www.eas.asu.edu/-cse412).
In the remainder of this paper, we provide an overview of the database curriculum and group project. We then describe the details of the commercial database introduction process, followed by an evaluation of the approach. The paper concludes with a summary of the work.
Overview of the Course
The database management class has an integrated curriculum of theory and practice. The theory covers an introduction to database systems, database systems design, entity-relationship (ER) conceptual modeling, and the relational data model. Specifically, the relational data model coverage includes: mapping from an ER diagram to a relational schema; relational query languages (relational algebra, domain relational calculus, tuple relational calculus and SQL); query optimization; relational database design theory; transactions, recovery and concurrency control; security and integrity.
The practical component of the course introduces the use of a database product to support the implementation of a realistic application as a semester-long cooperative group project. Each group of 4-5 students is responsible for identifying the specific application to be developed and the expert in the application area to provide input in the design and development of the database. The project is divided into three phases: 1) requirements analysis and conceptual design; 2) relational database mapping and prototyping; and 3) database system implementation. Students within each group are required to actively participate in each phase, with students assuming different roles (leader, recorder, checker, technical advisor) over the course of the project to allow them to experience different leadership responsibilities. Each phase has specific technical deliverables, which are identified later in this section, and assessment deliverables, which include group status reports, confidential evaluations (self and peer) and team assessment. The assessment consists of questions in which students must assess their understanding of the course material with respect to their own projects. The use of the team assessment for cooperative learning of Microsoft Access is the topic of the remaining sections of this paper, Phase 1 is the requirements analysis and conceptual design phase, currently allocated 4 weeks. Each group identifies the specific application to be developed, requiring an expert user in the application area to provide input to the design. The technical deliverables due at the end of this phase include: a description of the requirements; an EntityRelationship (ER) diagram with structural constraints specified; a list of constraints that are not captured on the ER diagram; and a summary of processing needs, categorized 'with respect to expected forms, reports and queries. Two weeks into Phase 1, the group must hand in both the requirements description and the ER diagram for review. The instructor provides feedback on these intermediate technical deliverables by the next class meeting. This feedback is based on the consistency of the requirements description and the ER diagram, as well as the scope of the project. Also, at the end of this phase, each group must give a brief class presentation on the enterprise that they have chosen for their project. This presentation is given by a group-designated speaker, who is typically the group liaison to the expert user.
Phase 2 is the relational database mapping and prototyping phase, which is currently allocated 6 weeks. After receiving detailed comments on the conceptual design in Phase 1, the group may need to refine the ER diagram before beginning the definition and prototype of the application. The intermediate technical deliverables include: a refined ER diagram; a relati-onal schema for the enterprise that indicates the attributes and keys of each relation; a list of functional dependencies holding on the enterprise; a discussion of their relational design with respect to normal form, lossless join and dependency preservation properties; and a revised summary of processing needs, categorized with respect to forms, reports and queries. This gives the students the opportunity to apply the design theory learned in class to their realistic application. The technical deliverables at the end of the phase include updates of the intermediate technical deliverables and a prototype of the database implemented in Microsoft Access. This prototype includes the definition of the schema, including referential integrity as defined via the relationships window in Access, and a prototype of the forms and reports listed. Each group member must be responsible for the prototype (and later implementation) of at least one form, one report and one query from the processing needs identified in Phase 1. Only the look and feel of the forms and reports are required for this phase.
Phase 3 is the database system implementation phase, which is allocated 4 weeks. There are no intermediate technical deliverables for this phase. This phase is dedicated to the correctness of the implementation of the database system, including robust test data. The technical deliverables due at the end of the phase include a revision of the Phase 2 technical deliverables excluding the discussion of the relational design theory, and a complete implementation of the database application. The Access implementation is demonstrated by the group, typically during the week of final exams.
Integrating Database Use Into The Curriculum
Our approach to introducing students to the fundamentals of Microsoft Access consists of 1) providing the class with a complete implementation example, and 2) providing exercises that allow students to explore and extend the implementation. Since CSE 412 is based on the Elmasri and Navathe [2] textbook, the example database is based on the Company Database example that is used as a running example throughout the book.
Before groups are formed in the course, students are required to fill in an information sheet that is used to support the formation of groups. One of the questions on the form is related to prior database experience. Since many of the students work in the Phoenix metropolitan area, there are usually several students in the class that have already had the opportunity to use a database system, and several are already familiar with Microsoft Access. When groups are formed, the students with prior database experience are distributed among the groups. Typically, each group is fortunate to have at least one student that is familiar with Microsoft Access or some other commercial database product.
Our database training approach is based on three specific exercises: 1) a tutorial that allows students to explore the Company Database example, 2) a step-by-step extension exercise, and 3) a collection of more difficult enhancements to the example database.
Whereas the step-by-step extension exercise provides complete details on how to change the database, the collection of enhancements require more effort to discover how to change the implementation. Figure 1 provides a timeline that illustrates the point at which the different training exercises are introduced during the semester. Since most of the students are learning fundamental database concepts for the first time, it is important to introduce features of Microsoft Access that are consistent with their current level of understanding of the course material. The exercises are also tailored to support what is required of the students in the development of their own group projects. We have prepared a tutorial document that introduces the most relevant features of Microsoft Access that will be needed during the semester. The tutorial is based on the Company Database example and is accompanied by the actual Access implementation of the Company Database.
Week Topic
Since the group projects begin the second week of the semester, with phase 1 spanning approximately 4 weeks, the tutorial is introduced at the midpoint of phase 1, as soon as the students have been taught the fundamentals of mapping an ER diagram to a relational schema. At this point students are familiar with the concept of referential integrity and are just beginning to learn relational algebra. The students are also beginning to think about the forms, reports, and queries that will be needed in their own projects. This is an excellent point at which to provide an overview of the database tool.
The tutorial is initially assigned as outside reading. One class period is then devoted to an on-line explanation of the different features of the Company Database implementation based on the material provided in the tutorial. The tutorial is not intended to teach the students how to use the features of Access but to provide a guided tour of the features they will need to investigate. The tutorial also introduces students to basic terminology associated with the use of the system. In particular, the tutorial allows students to examine the definition of the Company Database relations, including the definition of primary key to foreign key relationships and the additional semantics that can be defined for cascaded updates and deletes. Since the students are just beginning to learn about query expression, the Query-By-Example (QBE) feature of Access is examined. The corresponding SQL queries are introduced as a feature that we will explore later in the semester. The tutorial also examines form and report definitions, together with macro definitions and Access Basic. At the end of the tutorial, the students have a fairly good understanding of what needs to be designed for their own projects and of what features of Access they will need to use.
The Step-By-Step Extension Exercise
As mentioned in the course overview, part of the deliverable for each phase of the project includes a team assessment. The second major training exercise for Microsoft Access occurs as part of this assessment process. The students are assigned an out-of-class exercise that involves implementing an extension to the Company Database example. Every student must do the extension on an individual basis, although students are encouraged to help others in their group that have difficulty with the exercise. The phase checker must provide a summary of the group's experience with performing the extension as part of the assessment questions for Phase 1.
The extension involves defining a new relation, establishing appropriate links for referential integrity between the new relation and existing relations, constructing a form for input/modification of the relation, and modifying an existing form with a subform based on the new relation. Simple queries must be constructed using QBE to support the extensions. QBE is used since we have covered relational algebra but we have not yet covered SQL. The exercise provides step-by-step instructions on how to implement the extensions. Furthermore, the extensions are all based on the concepts that we have covered in class up to that point. Students therefore have the opportunity to put fundamental concepts into practice. For most of the students, this is their first attempt at actually constructing a portion of a database using Access. Students really seem to enjoy the exercise and acquire a sense of confidence about the more substantial implementation requirements to follow in the next two phases.
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The Company Database Enhancements
The final Access training exercise occurs as part of the phase assessment deliverable for Phase 2. As described in the overview of the course, Phase 2 involves building relations, establishing field and table level constraints, defining referential integrity associations, and populating the tables with test data. A prototype of all forms and reports must also be constructed in Access as a design step to prepare for the full implementation effort in Phase 3. The Access training exercise in Phase 2 focuses on providing students with a more in-depth examination of implementation issues for forms and reports so that they will be prepared to implement their own projects as soon as Phase 3 begins.
There are four Company Database enhancement exercises that are distributed among the members of each group. In the case of groups with five group members, students are allowed to pair up on the more difficult enhancements. As with the Phase 1 extension, students can help each other on the exercises, but each student must take the primary responsibility for the implementation of one of the enhancements. One class period is devoted to discussion of the enhancements. For each enhancement, groups are selected at random to provide an on-line illustration of their implementation. The group member responsible for the enhancement must be prepared to lead the discussion.
Each enhancement is designed so that students are presented with the requirements for the enhancement as well as general guidelines about what needs to be done to make the appropriate extensions. Unlike the Phase 1 extension, however, the students need to do more work on their own to discover exactly how to implement the changes. Students are therefore required to use the Access help facility or their favorite Access book.
The enhancements are also designed to give the students experience with several features of Access that are useful in the implementation of their own projects. The first enhancement involves the addition of a list box to an existing form to provide a quick search facility for finding records according to a specific field value, The enhancement involves modifying the form design as well as writing appropriate queries and macros to implement the search. The second enhancement requires that students construct a parameterized query and develop a form to launch the query, where the parameter values are entered through the form. The third enhancement again involves the modification of a form, but students also learn how to dynamically modify the properties of a form so that different queries are executed depending on selections that are made on the form. The fourth enhancement introduces students to the construction of reports and subreports and the corresponding queries that are needed to support report generation.
It generally takes from I to 3 hours to complete each enhancement depending on the student's previous experience with Access. Each member of the group is required to teach the other members of the group how they implemented their specific enhancement. The in-class discussion also allows students collectively discuss different implementation. As a result of discover new features of Access.
from other groups to approaches to the the discussion, students
Evaluation Of The Approach
We are now in the third year of teaching CSE 412 using the course project approach. The first year of the project, students were on their own with respect to learning Access since 1) we did not yet have adequate time to develop course material for teaching the use of Access, and 2) we
were not yet fully aware of what Access features were useful in the implementation effort.-After feedback from students in the first year, we decided that it would be useful to introduce some form of Access training.
The Access training process in the first half of the second year was similar to the process described in this paper except that 1) students reviewed the tutorial on their own, and 2) the step-by-step extension and the enhancements were performed as in-class exercises in a computer laboratory on campus. Performing the implementation exercises as an in-class assignment was unsuccessful for several reasons. First of all, most of the computer laboratories on campus are not equipped to support the number of students in a CSE 412 class (50-60 students). As a result, we had to split the class in half and schedule separate sections of the class for the laboratory sessions. It became evident that this process would cause major scheduling problems each semester. Second of all, the students needed more than two class periods to perform the exercises, yet we did not feel that we could give up more classes for teaching Access without significantly cutting back on the topics covered in the course. Finally, students indicated that they actually preferred to do the exercises out of class on their own time.
The second half of the second year, we followed the suggestions from students and implemented the process as described in this paper. Student feedback indicates that the training exercises are quite useful. Working at their own pace and with the help of others in their group, students were better able to successfully complete the assignments and to investigate the features of Access that were important to the implementation. Although most students don't thoroughly understand some features of Access until they have completed their own projects, by the end of Phase 2, most students were well-prepared for the Phase 3 implementation.
Summary
We believe that we have met the challenge of integrating the practical use of a commercial product into a theoretical database curriculum by providing students with a cooperative environment to help each other learn the intricacies of the database management system. Specifically, we provide a complete database implementation that is used as the foundation of a series of assignments where students gradually advance from a tutorial exercise, to a step-by-step extension of the example, and finally to more difficult extensions. These self-paced assignments provide a solid foundation for the students' knowledge in the implementation of their own cooperative group project.
